Ozone Contamination in Aircraft Cabins.  Appendix B:  Overview papers.  In-flight measurements by Perkins, P. J.
APPENDIX B - OVERVIEW PAPERS 
I n - F l  i g h t  Measurements 
P o r t e r  J. P e r k i n s  
NASA Lewis  Research Cen te r  
There a r e  two sou rces  o f  i n - f l i g h t  ozone measurements ; t h e y  a r e  t h e  
NASA Glob1 a1 Atmospher i  c  Sampl ing Program (GASP) and t h e  c a r r y - o n  ozone 
m o n i t o r s  used b y  o t h e r  o r g a n i z a t i o n s .  GASP c o n s i s t s  o f  c o n t i n u o u s  d a i l y  
measurements o f  ambient  da ta  s i n c e  March 1975 and i n - c a b i n  da ta  s i n c e  
March 1977. The i n - c a b i n  data  a r e  taken  a t  one l o c a t i o n  i n  t h e  cab ins  
o f  a  747-100 and a  747SP. T h i s  program i s  schedu led  t o  t e r m i n a t e  i n  
June 1979. The c a r r y - o n  ozone m o n i t o r s  used by  t h e  FAA, t h e  a i r l i n e s ,  
and o t h e r  o r g a n i z a t i o n s  measure ozone a t  s e v e r a l  l o c a t i o n s  i n  t h e  c a b i n .  
On ly  GASP da ta  a r e  p r e s e n t e d  he re .  
The o b j e c t i v e s  o f  t h e  GASP ozone measurements a r e  t o  e s t a b l i s h  t h e  
c h a r a c t e r i s t i c s  o f  ambient  ( o u t s i d e )  ozone c o n c e n t r a t i o n s  d u r i n g  r o u t i n e  
o p e r a t i o n s ,  and t o  d e t e r m i n e  t h e  a t t e n u a t i o n  o f  ambient  c o n c e n t r a t i o n s  
o f  c a b i n  a i  r sys tems f r o m  s imu l taneous  ambient  and i n-cab i  n  measurements . 
C h a r a c t e r i s t i c s  o f  amb ien t  ozone i n c l  ude: 
(1 ) Maximum c o n c e n t r a t i o n s  
( 2 )  D u r a t i o n  o f  ozone encoun te rs  
( 3 )  Frequency o f  ozone encoun te rs  
( 4 )  V a r i a b i l i t y  o f  ozone d u r i n g  a  f l i g h t  
( 5 )  The above c h a r a c t e r i s t i c s  i n  r e l a t i o n  t o  r o u t e s ,  a l t i t u d e ,  and 
m e t o r o l o g i  c a l  c o n d i t i o n s  . 
Ozone i s  measured a t  o n l y  one p o i n t  i n  t h e  c a b i n  ( f i g .  1 ) .  
Ambient  o r  a tmospher i c  ozone c o n c e n t r a t i o n s  can on  some occas ions  
v a r y  w i d e l y  a l o n g  t h e  f l  i g h t  p a t h  o f  a  h i g h  a1 t i  t u d e  commerci a1 a i r -  
l i n e r ,  r a n g i n g  f r o m  l e s s  t h a n  100 p a r t s  p e r  b i l l i o n  b y  volume (ppbv )  
t o  o v e r  1200 ppbv ( f i g .  2 ) .  La rge  and r a p i d  ( w i t h i n  5 m i n )  e x c u r s i o n s  
o f  ozone c o n c e n t r a t i o n s  can o c c u r  d u r i n g  h i g h  ozone encoun te rs .  
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Simul taneous measurements o f  a tmospher ic  and i n - cab i  n  ozone revea l  
an average a t t e n u a t i o n  f a c t o r  o f  62 percen t  ( r e t e n t i o n  o f  ozone i n  t h e  
cab in  o f  38 pe rcen t  o f  t h e  atmospher ic concen t ra t i on )  f o r  t h e  B747-100 
a i r l i n e r  ( f i g s .  3 and 4  and t a b l e  I ) .  However, t h e  B747-SP t ype  a i r l i n e r  
showed a  r e t e n t i o n  i n  t h e  cab in  averag ing  80 percen t  o f  t h e  atmospher ic 
ozone ( f i g .  5 and t a b l e  I ) .  Th i s  was reduced t o  5 pe rcen t  on t h i s  a i r c r a f t  
when charcoal  f i l t e r s  were i n s t a l l e d  i n  t h e  cab in  a i r  system t o  des t roy  
ozone ( f i g .  6 and t a b l e  I). 
S i m i l a r  ozone measurements i n  a  Gates L e a r j e t  Business j e t  conducted 
by NASA showed ozone r e t e n t i o n  i n  t h e  cab in  t o  range f rom 41 t o  75 pe rcen t  
depending upon t h e  l o a d  i n  t h e  cab in  ( f i g .  7 and t a b l e  11).  
Atmospheri c  ozone measurements f rom GASP-equi pped a i  r l  i ners can 
e s t a b l i s h  t h e  s u s c e p t i b i l i t y  o f  these a i r c r a f t  on t h e i r  s p e c i f i c  r o u t e  
s t r u c t u r e s  t o  h i g h  cab in  ozone concen t ra t i ons .  A f u l l  y e a r  o f  da ta  from 
t h e  B747-100 a i r l i n e r  d i s c l o s e d  t h a t ,  s t a t i s t i c a l l y ,  ozone concen t ra t i ons  
a r e  h i g h e s t  i n  t h e  second q u a r t e r  and peak d u r i n g  A p r i l  ( f i g s .  8 t o  10 ) .  
TABLE I .  - CORRELATIONS BETWEEN ATMOSPHERIC 
OZONE CONCENTRATIONS AN0 IN-CABIN OZONE 
L E V E L S  FOR B 747 A I R L I N E R S  (SELECTIVE SAMPLE 
FLIGHTS WITH A N D  WITHOUT OZONE DESTRUCTION 
TECHNIQUES USED IN CABIN AIR SYSTEM) 
TABLE 11. - CORRELATIONS BETWEEN ATMOSPHERIC 
OZONE CONCENTRATIONS A N D  IN-CABIN OZONE 
LEVELS FOR GATES LEARJET 
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Figure 1. - Ozone measurement locations on 8747 airl iner.  
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Figure 2. - Example of a h i g h  ozone concentrat ion encounter. 
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Figure 3. - T i m e  h is to ry  of ambient and  cabin ozone levels for  B747-100 a i r l i n e r  f l y ing  
f rom New York  to  Los Angeles o n  A p r i l  3, 1977. 
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Figure 5. - Time history of cabin and atmospheric ozone mixing ratio levels for 
B747-S P airliner. 
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Figure 8. - Cumulative ambient ozone frequency distr ibut ion 
for B747-100 for one year. 
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Figure 9. - Bimonthly variation of encounter 
frequencies for  B747-100 for  one year. 
Figure 10. - Bimonthly variation of encounter 
frequencies for  03 - 200 ppbv. 
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